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Abstract

Under deep mining conditions, rock burst disasters in dynamic pressure roadways pose a critical
challenge to mine safety. Firstly, this paper focuses on energy-absorbing support systems, reviews
the failure mechanisms of surrounding rock and energy criteria, and summarizes the evolution of
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support design philosophies. Secondly, it systematically analyzes the working principles, technical
advantages, and limitations of four core energy-absorbing support units: NPR constant-resistance
bolts, D-Bolt sliding bolts, damping energy-absorbing components, and ultra-high-strength coupled
bolts. Combined with the overloading rock burst criterion and the superimposed arch theory, the de-
sign principles of multi-level collaborative support systems are elaborated. The paper also introduces
ultimate bearing technologies such as energy-absorbing supports and concrete pillars, as well as a
multi-modal intelligent early warning system. Research indicates that the mismatch in elongation be-
tween rock bolts and cables, along with debonding at the anchoring interface, are the main causes of
support failure. Current energy-absorbing support technologies still exhibit significant shortcomings
in cyclic durability, adaptability to multi-axial loading conditions, and quantitative design of system
synergy. Finally, the study identifies existing research bottlenecks and discusses future develop-
ment directions in this field.
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Table 1. Failure mode characteristics of surrounding rock under rock burst in dynamic pressure roadways
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Table 2. Evolution of support design philosophy for dynamic pressure roadways
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Table 3. Comparison of four types of energy-absorbing support unit technologies
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Table 4. Functional division of the three-level collaborative energy-absorbing support system
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